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The evidence for the predominantly environ-
mental origin of cancer is extremely large and
varied. Classical studies have shown that can-
cer incidences vary to a large extent from one
geographic area to another, and that the peo-
ple who migrate to a country with different
habits acquire—in one or two generations—
the pattern of tumors that characterizes their
new place (1). Similar conclusions were
obtained by studies that focused on cancer
incidence in twins. For example, a recent
paper has demonstrated that for most can-
cers, identical twins (i.e., those with identical
genes) have similar cancers no more than do
fraternal twins (i.e., those with only 50%
genetic similarity) (2); similar evidence was
provided by a previous study (3). Other
investigators have studied whether the
genetic differences among European popula-
tions reﬂected similar differences in the inci-
dence of the various types of tumors: Very
little correlation existed between genetic set-
tings and cancer incidence (4,5). 
Overall, all these results agree in pointing
out that the environment is the major deter-
minant of cancer; a commonly shared opin-
ion is that the environment is responsible for
at least 50–80% of cancers (1). On the other
hand, this is only one facet of the more gen-
eral inﬂuence that societal changes exert on
the health of a population, as demonstrated,
for example, by a series of studies on mor-
tality and differential sex mortality ratios
(6–9). The complexity of and the reciprocal
influences among social, economic, and
demographic factors and living conditions is
demonstrated eloquently by historical
research as well: The temporal sequence of
economic recession, food shortage, epi-
demics, and an increase in mortality has
been described in classic historical works
(10). An unfortunate current example of this
is the situation in some countries of the for-
mer Soviet Union (7,11).
Within the above perspective, we have
studied the geographic variability of the sex
difference in tumor incidence in Europe,
1988–1992. Together with a large variation
of global tumor incidence from area to area,
Europe shows a concomitant large variation
of sex ratios in tumor incidence, ranging from
the absence of any difference (e.g., Denmark)
to 50% difference in Calais, France (see Table
1). This variability looks too high to be
caused by any plausible genetic difference
among the European populations in terms of
male–female biology; in our opinion it calls
for a global environmental explanation, possi-
bly involving a large range of the socioeco-
nomic and cultural factors that have shaped
European differences in lifestyle during its
history. In particular, we focused on the avail-
able socioeconomic descriptors that best point
to the changing role of the female population
in European societies.
We presented a preliminary analysis of the
geographic distribution of the sex difference
in tumor incidence in Europe in a previous
paper (12). Here we show that the relation
between sex difference in tumor incidence
and the socioeconomic description of female
condition follows different models in Europe
and in Italy. Moreover, we show that this
conﬂict between contradictory results can be
solved only by assuming a broad perspective
on the history of the studied populations.
Thus we need an interdisciplinary effort that
combines humanistic and naturalistic com-
petences to successfully approach ecologic
epidemiology studies (13).
Data and Methods
Cancer incidence data. The areas analyzed
are those relative to the cancer registries pre-
sent in the 1988–1992 International Agency
for Research on Cancer (Lyon, France) com-
pilation (14). The statistical index we used
to formalize the cancer incidence data was
the normalized difference between male and
female global tumor incidence: 
∆N = (PM–PF)/PM,
with PM representing the whole incidence of
tumors in males and PF the whole incidence
of tumors in females (normalized per 1,0000
inhabitants). Table 1 lists the cancer reg-
istries with their ∆N values. 
In the study on Europe, the average
value of ∆N for each country was computed
from the available local cancer registries. 
Socioeconomic data. We collected
socioeconomic data relative to the female
condition (11 variables) (Table 2) for the 95
Italian provinces, including the 13 areas rela-
tive to the Italian cancer registries (see Table
1). We summarized all data relative to the
95 Italian provinces by applying principal
component analysis, and we used the scores
relative to the 13 cancer registries for the
subsequent analyses. 
For the European analysis on the female
condition, the data collected refer to 37
European countries. These include 16 coun-
tries for which incidence data were available
(see Table 1), plus Albania, Austria,
Belgium, Bosnia, Bulgaria, Croatia, Estonia,
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A remarkable aspect of cancer distribution in Europe is the large spatial variability of the
male–female incidence ratio, from no difference up to 50%. Given the evidence of the predomi-
nantly environmental origin of cancer, we studied the ability of a set of socioeconomic indicators
of the female condition to model the spatial variability of the sex difference in tumor incidence at
two different scales: between countries (Europe) and between provinces (Italy). The sex difference
in tumor incidence correlated with female socioeconomic condition indicators at the same extent
(r = 0.73) in both situations, but in opposite directions. In the European study the higher the sex-
ual social equality the lower the differential tumor incidence, whereas the opposite result was
shown by the between-provinces Italian study. We also investigated the relation of the female
condition indicator with other social and cultural descriptors of the same populations, and we
suggest explanatory models linking female condition and pathology at the continental and local
scales. Overall, our analysis supports the predominantly environmental origin of cancer and
stresses the importance of relating cancer patterns to societal determinants. Our analysis also sug-
gests that the sex difference in tumor incidence is a very useful probe for exploring the social-eco-
nomic cultural correlates of cancer in human populations. We emphasize the need for a thorough
analysis of the empirical correlations highlighted in ecologic studies. Key words: ecological studies,
environmental carcinogenesis, epidemiology, principal component analysis, public health, socioe-
conomics. Environ Health Perspect 109:705–709 (2001). [Online  2 July 2 2001]
http://ehpnet1.niehs.nih.gov/docs/2001/109p705-709benigni/abstract.htmlGreece, Hungary, Latvia, Lithuania,
Luxembourg, Macedonia, Malta, The
Netherlands, Portugal, Romania, Russia,
Switzerland, Ukraine, and Yugoslavia. The
European variables are listed in Table 3. We
summarized the socioeconomic variables rel-
ative to these countries by principal compo-
nent analysis, and used the resulting scores
for the 16 countries with cancer incidence
data in the subsequent correlation analyses.
To put the constructed indicators of the
female condition within a correct perspective,
we contrasted them with several general
socioeconomic indicators that describe the
European countries and the Italian provinces,
respectively. We derived and discussed in
detail these general socieconomic indices in a
previous work (15).
Principal component analysis (PCA).
We used PCA to reduce the variables listed
in Tables 2 and 3 into summary scores; in
the subsequent step, we used the summary
scores for the female condition in the various
correlation analyses.
The theory of principal components
states that every symmetric covariance or
correlation matrix relating p variables x1, x2,
… xn can be transformed into particular lin-
ear combinations by rotating the matrix into
a new coordinate system. This rotation is
produced by multiplying each of the original
data by appropriate coefﬁcients. The original
matrix is rotated such that the axis defined
by the first principal component (PC1) is
aligned in the direction of greatest variance.
This procedure is repeated until a set of ∆N
orthogonal (uncorrelated) components is
obtained, arranged in descending order of
variance. In this transformation, none of the
information contained within the original
variables is lost, and the derived components
can be manipulated statistically in the same
way as the original variables. Moreover, the
transformation is useful because most of the
significant total variance is concentrated
within the first few uncorrelated PCs,
whereas the remaining PCs mainly contain
noise (16,17).
Results
The strategy adopted in this study was the
following: The female condition in Europe
(country-based analysis) and in Italy
(province-based analysis) was separately
parameterized by summary indicators
obtained by PCA of several variables selected
for their relevance to the female condition.
As a further check, the specificity of the
summary indicators (PCs) of the female con-
dition was controlled against general socioe-
conomic descriptors relative to the same
areas. After this check, the female condition
indicators were contrasted with the sex dif-
ferences in tumor incidence (∆N values).
We had demonstrated previously the
time invariance of the incidence data
between the 1985–1988 and 1988–1992
periods (4). Moreover, we had demonstrated
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Oxford (UK)  0.07307
Sweden 0.07500
Mersey (UK)  0.09326
South West Region (UK)  0.09369
Iceland 0.11337
South Thames (UK)  0.11414
Cork (Eire)  0.14848
Total UK 0.14911




Total Scotland (UK)  0.18379





Modena (Italy)  0.30839 
Forlì (Italy) 0.31113
Ferrara (Italy) 0.31968 
Parma (Italy) 0.32363 
Isere (France) 0.32798
Florence (Italy) 0.33129























Table 2. Female condition in Italy, including correlation coefﬁcients (factor loadings) of the original vari-
ables with the principal components. 
Condition ITFEM1 ITFEM2 ITFEM3
Females with secondary school certiﬁcatea 0.665 –0.250 0.394
Illiterate femalesa –0.821b –0.222 –0.168
Divorced femalesc 0.549 –0.077 –0.728b
Employed females out of the active population 0.907b 0.314 0.135
Employed females out of employed males 0.752b 0.232 0.278
Females seeking employmentd –0.912b –0.283 –0.079
Hospital beds per inhabitant  0.550 0.077 –0.028
Infant deaths in the ﬁrst year of lifee –0.123 0.808b 0.037
Kindergartens per live infant births 0.166 –0.718b 0.197
Average number of members per household –0.037 –0.230 0.897b
Added value at factor cost per inhabitant  0.888b 0.158 0.283
% Explained variance 43.5 15.8 14.1
aProportion of the female population  16 years of age. bThese values point to the variables most important for the inter-
pretation of the PCs. cProportion of married females. dProportion of the female population 14–29 years of age.
eProportion of live infant births.
Table 3. Female condition in Europe, including correlation coefficients (factor loadings) of the original
variables with the principal components.
Condition EUFEM1 EUFEM2 EUFEM3 EUFEM4
Population density 0.046 0.046 0.912a –0.051
Migration rate 0.211 –0.456 0.060 0.546a
Birth rate 0.229 0.907a 0.141 –0.109
Fertility rate –0.006 0.815a –0.021 –0.333
Mother mean age at birth 0.858a 0.304 0.188 0.127
Male mean age 0.796a 0.391 0.257 0.217
Female mean age 0.888a 0.182 0.194 0.140
Infant mortality rate –0.829a 0.353 –0.093 –0.115
Urbanization rate 0.491 –0.444 0.447 –0.168
Female occupation rate  –0.305 –0.105 –0.675a –0.460a
Male ocupation rate  –0.073 0.200 –0.005 –0.838a
GNP per capita 0.941a 0.037 0.038 0.037
Percentage of service  0.873a –0.252 0.260 –0.056
industry workers (male)
Percentage of service  0.864a –0.074 0.215 0.209
industry workers (female)
Percentage of female ministers 0.821a 0.050 –0.280 0.032 
% Explained variance  46 20 9.9 4.9 
GNP, gross national product.
aThese values point to the variables most important for the interpretation of the PCs.the existence of a marked country effect in
the tumor distribution in Europe (12). The
country effect for ∆N (analysis of variance)
scored an F value of 59.5 correspondent to p
< 0.0001. This reassured us about the cor-
rectness of using incidence data averaged at
the country level for the European analysis.
We used the incidence data relative to the 13
Italian locations as such in the province scale
model, which we elaborated separately from
the analysis on whole Europe.
The Italian study. The female condition
in the Italian provinces was described by 11
indicators selected from the 1991 Census
data (18); these included a range of different
aspects (cultural conditions, welfare,
occupation, health). We condensed this
information into summary indicators by
applying PCA, which produced three com-
ponents (ITFEM1–ITFEM3), collectively
explaining 73% of total variance. ITFEM1
alone explained 43.5% of total variability.
The correlation matrix between original
variables and factors (factor loadings matrix)
is reported in Table 2. The inspection of the
factor loadings indicated that the ﬁrst factor
(ITFEM1) pointed to the general level of
economic development and, more impor-
tant, to the female occupation and the per-
centage of the female graduates, but it was
inversely correlated with the percentage of
illiterate females and the rate of unemploy-
ment of young females. The ﬁrst factor was
by far the most relevant component (more
than 40% of explained variability) of the
local differences in terms of female condi-
tion. The second factor (ITFEM2) was posi-
tively correlated with the rate of infant
deaths and negatively correlated with the
number of kindergartens for each live birth.
Thus, this factor described the level of med-
ical and social assistance in a given area. The
third factor was negatively correlated with
the divorce rate and positively correlated
with the average number of members per
household. This factor can be considered a
descirptor of the female relational condition
(i.e., the changing approach of women to
family and extrafamily matters). Thus the
first PC (ITFEM1) can be considered the
best summary score of the advancement of
the female condition in the different Italian
areas (provinces).
We checked the specificity of ITFEM1
by contrasting it with other general socioeco-
nomic indicators of Italy. Using PCA in a
previous work (15), we analyzed 36 general
descriptors of the Italian society and we
derived two summary indicators: ITDEM1
and ITDEM2. ITDEM1 is a general indica-
tor of economic development and follows
the well known north–south gradient that
characterizes many aspects of Italian society;
the second component, ITDEM2, was
related to the urban–nonurban character of
the provinces studied. The correlation coefﬁ-
cient between ITFEM1 and the first
component of general (not sex-related)
socioeconomic indicators (ITDEM1) was
relatively weak (r = 0.47), though statistically
significant (p < 0.001). ITFEM1 therefore
conveys some important sex-related speciﬁc
information not simply assimilable to the
economic development.
The next step of the analysis was to
compare the sex difference in cancer
incidence (∆N) with the three factors
(ITFEM1–ITFEM3) describing the female
socioeconomic condition. Notwithstanding
the small sample size (13 provinces), the ∆N
values of the Italian provinces were suffi-
ciently widespread, ranging from around
20% sex difference (Ragusa: ∆N = 0.226) to
40% (Varese: ∆N = 0.417). The Pearson
correlation coefﬁcient of ∆N with the socioe-
conomic components was, respectively:
r (ITFEM1, ∆N) = 0.729, r (ITFEM2, ∆N)
= –0.261, r (ITFEM3, ∆N) = –0.306. Only
the correlation between ITFEM1 (already
selected as summary descriptor of the female
condition) and ∆N was statistically signifi-
cant (p < 0.005). Figure 1 reports the
observed correlation. 
As a further check for the specificity of
the observed relations, we performed a simi-
lar analysis having as pathologic end point
the observed incidence of AIDS cases (both
sexes) in the 95 Italian provinces. In the case
of AIDS, a disease with a natural history
completely different from cancer, the female
condition components were not correlated
with the relative incidence of the pathology,
whereas ITDEM1 (as well as, marginally,
ITDEM2) was signiﬁcantly related to AIDS
incidence. This result further demonstrates
the speciﬁcity of the female condition indi-
cator as predictor of the sex difference in
cancer incidence. 
The positive sign of the relationship
between ITFEM1 and ∆N should be noted:
its meaning will discussed below in the
Discussion section. Table 4 summarizes the
main results presented above.
European study. The female condition
in the various European countries is
described by 15 variables. A PCA of this
socioeconomic data set produced four PCs
(EUFEM1–EUFEM4), which collectively
explain 86% of variance (Table 3).
Component 1 (EUFEM1) alone explains
46% of total variability. Inspection of the
variables maximally loaded on EUFEM1
shows that this component summarizes the
advancement of the female socioeconomic
condition occurring in the last decades in the
most developed countries: In fact, the reach-
ing of apical positions for women (percentage
of female ministers, loading = 0.821) goes
hand in hand with the per capita GNP (load-
ing= 0.941) and the increase of mother’s mean
age at birth (loading = 0.858). EUFEM2 is
related to the birth and fertility rates, and rep-
resents the relative extent and timing of the
demographic transition (contraction of the
population increase) experienced by developed
societies in recent decades. EUFEM3 points to
a (probably spurious) relation between popula-
tion density and female occupation rate,
whereas EUFEM4 mainly describes problems
linked to unemployment and migration, with
no sex connotation.
We compared EUFEM1 (the best sum-
mary score for the female condition in
Europe) with three general socioeconomic
indicators relative to the European countries
(EUDEM1–EUDEM3); We had obtained
EUDEM1–EUDEM3 in a previous study
(15). EUFEM1 scored Pearson correlation
coefﬁcients of 0.66 and 0.65 with EUDEM1
and EUDEM2, respectively. This result
indicates that, unlike in Italy, the female
condition indicator for the rest of Europe
was largely coincident with the information
carried by socioeconomic indicators that are
not directly sex-related.
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Figure 1. Relationship between female condition
index (ITFEM1) and sex difference in tumor inci-
























Table 4. Italian descriptors: Pearson correlation matrix.
ITFEM1 ITDEM1 ITDEM2 AIDS ∆N PM PF
ITFEM1 1.00 0.47 –0.14 0.25 0.73a 0.40 0.16
ITDEM1 1.00 0.00 0.58 0.45 0.78a 0.86a
ITDEM2 1.00 0.30 0.59 0.43 0.24
AIDS 1.00 0.39 0.34 0.29
∆N 1.00 0.82a 0.58
PM 1.00 0.94a
PF 1.00
aThese values point to the variables most important for the interpretation of the PCs. Both EUFEM1 and EUDEM1 scored a
signiﬁcant correlation with ∆N: r = –0.74, p
< 0.001 and r = –0.80, p < 0.001, respec-
tively, whereas EUDEM2 was not signifi-
cantly correlated with ∆N.
None of the above composite indices was
able to predict the global incidence of infec-
tive diseases, thus conﬁrming the speciﬁcity
of the measured demographic and socioeco-
nomic indices for tumor pathology.
Table 5 summarizes the above correla-
tions.
Discussion
Figure 2 displays the relation between
EUFEM1 and ∆N. It shows that the earlier
and more pronounced the advancement of
female condition (higher values of
EUFEM1, Northern Europe), the lower the
sex differences of tumor incidence (lower
values of ∆N; inverse relationship between
EUFEM1 and ∆N). This is exactly what
should be expected by the simplest line of
reasoning: Progress toward socioeconomic
equality between the sexes equalizes lifestyles
and thus lowers differences in pathology
profiles. This simple picture, though it
remains at the European macro scale
(between-countries variability) was contra-
dicted at the micro scale studied (Italian
within-country variability), where we found
a positive relationship between ∆N and
ITFEM1 (Table 4, Figure 1). The incidence
of tumors in males is uniformly greater than
that in females, both in Italy and in all of
Europe (see Table 1): High ∆N values point
to a relatively better differential condition of
females  than of males. This trend implies
that in Europe the socioeconomic advance-
ment of women meant that they lost the rel-
ative benefits of a cancer incidence lower
than that of  men. In Italy, the positive rela-
tion observed between ∆N and ITFEM1
implies that the highest differential between
sexes in terms of pathology parallels the
improvement of female socioeconomic con-
ditions, which is the exact contrary of what
we observed in Europe on a general ground.
The Italian result is, at a ﬁrst sight, para-
doxical: Given that progress in the female
condition usually is interpreted as reduced
socioeconomic differences between sexes,
we should observe a parallel reduced
heterogeneity in terms of pathology and thus
a negative correlation between ITFEM1 and
∆N, as in the rest of Europe. But if we con-
sider the peculiarities of Italian history (19),
the observed results are less paradoxical. In
Italy, the progressive emancipation of
women has followed industrialization, which
in turn, until the last 34 years, has practically
involved only the northern-central part of
the country. This implies that ITFEM1 is an
indirect index of the relative precocity and
intensity of industrialization. In fact, Table 2
shows that where industrialization was more
intense and prolonged, the percentages of
occupation are more homogeneous between
sexes and, in general, allowed more women
to enter the labor force.
However, the emancipation of Italian
women followed industrialization two or
three generations after industrialization.
Only 30 years ago, it was common for the
husband to be employed outside the home
and the wife to be busy with domestic
duties. Thus, men in the more industrialized
Italian areas experienced environmental and
life-style conditions quite different from
those of the female population, given the rel-
atively serious health hazards linked to
industrial work (now drastically reduced
within approximately one generation) and
the concomitant diffusion of such unhealthy
habits as cigarette smoking. Conversely, agri-
cultural work provided a much more homo-
geneous environment for both sexes. Given
the latency time of tumor induction (20
years on average) and the fact that our data
refer to the 1988–1992 period, our results
should be interpreted as a consequence of
the different timings of industrialization and
female emancipation within the same areas.
For Italy, therefore, we are observing a tran-
sient phenomenon linked to the over-60s
population, the last generation that experi-
enced the industrial environment before
female emancipation. This interpretation is
strengthened by the extent of the correlation
between global cancer incidence in males
(PM) and females (PF) at the two scales:
Although they are highly correlated at the
scale of the Italian provinces (r = 0.94 for
Italy), they are independent at the scale of
the European countries (r = –0.10 for the
whole Europe) (Tables 4 and 5). This points
to the coexistence of speciﬁc national mod-
els, which can be different from the Europe
model. 
Obviously, the value of the above con-
clusions depends on the reliability of the
measures we used to deﬁne the elusive con-
cept female condition. In both cases we ana-
lyzed with PCA a set of variables related
both to the type of society and to specific
characteristics of the female population. We
were unable to retrieve the same variables in
the existing public databases, so the sets of
variables used in the two cases were differ-
ent. However, the female condition indica-
tors derived for Italy (ITFEM1) and for
Europe (EUFEM1) have similar meaning:
They point to affluent societies (northern
Italy, Nordic countries), with high percent-
ages of employed females (Italy), high female
presence in the service industry (Europe),
and high female presence in government
(Europe). Moreover, both indices are nega-
tively correlated with infant mortality. Thus,
we think that both indices are valid measures
of the female condition in the two contexts.
Both the European and Italian models
proposed are informative, but their differ-
ences must be considered in attempting to
explain observed empiric correlations. The
observed scale effect restricts the generaliz-
ability of ecologic studies and points to the
need for interdisciplinarity in interpreting
them. It is impossible to derive a compre-
hensive (biologic?) theory that includes soci-
ety, individuals, and cells because different
phenomena and mechanisms act at different
levels. Thus, when performing ecologic stud-
ies we are dealing with empiric evidence call-
ing for an operational and not a biologically
mechanistic interpretation. What is needed
is the possibility of expressing the empiric
models in terms of operationally modiﬁable
variates, to make a consequent public health
intervention possible. 
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Table 5. European descriptors: Pearson correlation matrix.
EUFEM1 EUDEM1 EUDEM2 EUDEM3 INF ∆N PM PF
EUFEM1 1.00 0.66a 0.65a –0.17 0.28 –0.74a –0.49 0.59
EUDEM1 1.00 0.00 0.00 –0.03 –0.80a –0.37 0.74
EUDEM2 1.00 0.00 0.28 –0.24 –0.06 0.25
EUDEM3 1.00 0.28 0.01 0.33 0.23
INF 1.00 0.01 –0.10 –0.0
∆N 1.00 0.61a –0.84a
PM 1.00 –0.10
PF 1.00
aThese values point to the variables most important for the interpretation of the PCs. 
Figure 2. Relationship between female condition
index (EUFEM1) and sex difference in tumor inci-




























SwedenOn a more theoretical ground, we share
the vision of S. Levine (20): 
[There] is no single correct scale of investiga-
tion.… [The] pattern exists at all levels and on all
scales, and recognition of this multiplicity of
scales is fundamental to describing and under-
standing ecosystems.… [T]here can be no “cor-
rect” scale level of aggregation.… [A] central
challenge in … theory must be an elaboration of
… how scales relate, and how the measurement
and dynamics of scale phenomena vary across
scales.… We must recognize explicitly the multi-
plicity of scales … and develop a perspective that
looks across scales and that builds upon a multi-
plicity of models rather than seeking a single
“correct” one. 
As a matter of fact, the investigations aimed
at linking different size and temporal scales
seem to be the most critical goal of basic
research today (21,22).
In this respect, the loss indicators of
female condition lose speciﬁcity, going from
the more detailed Italian picture to the
coarser grain European picture. In the Italian
provinces data, ITFEM1 is only loosely cor-
related with the more general socioeconomic
variables, whereas EUFEM1 is largely recon-
structible from the socioeconomic descriptors
of the European countries. In fact, this is a
general characteristic of every type of empiric
correlations: The coarser the grain of the rep-
resentation, the less speciﬁc the picture. This
is the obvious consequence of collapsing all
the local models into an average general
model, which reﬂects only what is common
to the various local models. This also makes
the various scales of analysis largely indepen-
dent from one another. This very general fea-
ture of systems analysis (23) is driven in this
case by the different historical determinants
that shaped the female condition variability at
the macro scale (economic development) and
at the micro scale (time delay between eco-
nomic development and female emancipa-
tion). The need to consider simultaneously
different scales of phenomena makes the
debate surrounding the “real biomedical expla-
nation” of pathologic events largely devoid of
immediate applicative interest, whereas practi-
cal health problems require an efﬁcient inter-
disciplinary collaboration between scientists
coming from different ﬁelds. 
Our results confirmed the hypothesis
that the sex difference in cancer incidence in
Europe is largely attributable to differences
in lifestyle and environmental factors. This
suggests that the sex difference in cancer
incidence can be a useful probe for environ-
mental factors in the epidemiologic studies. 
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